. 2000. Alternative seeding dates (fall and April) affect Brassica napus canola yield and quality. Can. J. Plant Sci. 80: [713][714][715][716][717][718][719]. Brassica napus L. canola production on the Canadian prairies often is limited by hot, dry growing conditions in early July and a short growing season. Brassica napus canola seeded in the fall just prior to freeze-up or in the early spring as soon as fields are passable may allow canola to avoid these adverse conditions. Our objective was to determine if late October (fall), or mid-to late April (April) seeding dates improve canola yield and quality relative to a mid-May (15 to 20 May) seeding date. Plant density and height, phenological development, seed yield, seed weight and seed oil content were assessed in plots sown to herbicide-tolerant B. napus canola at three seeding dates on five fallow sites and three stubble sites at Scott, SK, from 1994 to 1998. A thinner plant stand occurred for the fall compared with spring seeding dates; however, this difference rarely corresponded with less canola yield. Fifty percent flowering occurred 20 d earlier (June rather than July), reproductive growth (50% flowering to maturity) was 10 d longer, plants were 23 (fall) or 8 (April) cm shorter, and maturity occurred 13 d earlier when canola was seeded in the fall and April compared with mid-May seeding. Canola seed yield was 38% greater when seeded on the alternative dates rather than the more traditional mid-May seeding date. The yield advantage for alternative seeding dates was greater and more consistent on stubble than on fallow likely because of lack of soil crusting and temperature and wind protection from stubble. The response of seed weight to seeding date was similar to that for seed yield, indicating that a portion of the positive yield response to alternative seeding dates was associated with larger seed size. Oil content also was greater for the fall and April compared with mid-May seeding dates, but the improvement was smaller (6%) than that for seed yield. Fall-and April-seeded canola tolerated spring frosts and avoided adversely hot, dry weather during the flowering period, thus improving canola seed yield and quality. Alternative seeding dates provide canola producers in semi-arid regions with a sustainable option to diversify their cropping systems.
conditions at harvest in September. Alternative management practices such as fall and early spring seeding dates would be a major economic benefit to prairie producers because they would allow canola to better utilize moisture from the spring snow melt and avoid environmental stress.
Interest in fall-and early spring-seeded canola began in the early 1970s with a 4 yr study conducted at the University of Saskatchewan (Austenson and Kirkland 1975) . Fall-seeded Argentine rapeseed (Brassica napus L.) yield was 22% (as high as 90%) greater than spring-seeded rapeseed. This average yield advantage occurred despite one year when yield was 81% lower with fall vs. spring seeding date. The failure with fall-seeded rapeseed was attributed to warm weather in November that promoted germination, resulting in frost damage and consequently a thin stand in the spring. Inadequate control of winter annual weeds also was identified as a factor contributing to the failure of fall-seeded rapeseed in the early 1970s.
Early spring compared with traditional mid-May seeding dates offer many of the same advantages that are obtained with fall seeding. Canola sown in the first 2 wk of May rather than at the end of May increased B. napus seed yields from 24% (Degenhardt and Kondra 1981; Kondra 1977) to greater than 50% (Johnson et al. 1995) , and oil concentrations by 1% (Johnson et al. 1995) . Johnson et al. (1995) observed that emerged canola seedlings tolerated temperatures down to as low as -6ºC. Furthermore, they found that canola seeded before mid-May avoided hot and dry periods during critical reproductive growth periods. Results from another study confirmed that cooler and moister growing conditions during flowering and seed set explained improved canola yield and quality (Nutall et al. 1992) .
Past research suggests that canola seeded in the fall or early spring can survive low spring temperatures, and will encourage flowering and seed set in cooler and wetter conditions. Better weed control options with herbicide tolerant canola cultivars will improve winter annual weed control. Maintaining better stubble retention and late winter snow cover with direct seeding systems, which are being rapidly adopted by producers, should reduce the risk of premature germination of fall seeded canola. Reduced potential for weed competition and premature germination reduce the risks associated with seeding canola at dates earlier than the traditional mid-May seeding date. The objective of this study was to determine if alternative seeding dates in late October and mid-to late April could be used to advance canola plant development, thus improving seed yield and quality relative to traditional mid-May seeding dates.
MATERIALS AND METHODS

Site Description and Experimental Design
The study was conducted at the Agriculture and Agri-Food Canada Research Farm located near Scott, SK, from 1994 to 1998. The soil type is a Dark Brown Chernozem (Typic Boroll) with loam texture (sand = 31%, silt = 42% and clay = 27%), pH = 6.0, and organic matter content of 3 -4%. Sites were established on tilled fallow (1993-1998) and stubble (1995-1998) .
The experimental design was a randomized complete block with four replicates and canola seeding date as the treatment. Canola was seeded in: (1) late October (fall-seeded) close to the time when surface soil temperatures were near 0°C; (2) mid-to late April (April-seeded) as soon as fields were passable with seeding equipment; and (3) the more traditional 15 -20 May period (mid-May seeded) ( Table 1) . Glyphosate was applied to mid-May seeded plots just prior to seeding operations at a rate of 450 g a.i. ha -1 with flat fan nozzles at a pressure of 275 kPa and 50 L ha -1 of water. Pre-seeding weed control was not necessary for fall-and April-seeded canola. Herbicide tolerant Brassica napus L. canola (RT-73, Quest) was seeded into 4 m × 5 m plots with a hoe drill equipped with 1.9 cm wide hoe-openers at a row spacing of 23 cm spacing with on-row packing wheels. Fertilizer N, P, K and S were applied with the seed at rates according to yearly soil test recommendations for all seeding dates for a particular site. Nitrogen requirements exceeding safe rates within the seed row were mid-row banded during seeding operations. Postemergent weed control was achieved with glyphosate at 450 g a.i. ha -1 applied at the 2 -3 leaf stage of canola with flat fan nozzles at a pressure of 275 kPa and 50 L ha -1 of water.
Canola plant density was determined by counting seedlings in two 1 m row lengths, one at the front and the other at the back of each plot, 2 wk after emergence. The timing of major plant development stages (seedling emergence, 50% flowering, maturity, grain harvest) was recorded during the growing season. One assessment of plant development stages was made for all plots of a given treatment. The date when seed rows were visually distinguishable was noted as the date of emergence. Date of 50% flowering was determined by recording when 50% of the flowers occurred on the main raceme (Lancashire et al. 1991) . The vegetative growth period was considered as the number of days between emergence and 50% flowering. The reproductive growth was considered as the number of days between 50% flowering and maturity. Plant height was measured just prior to harvest. Plots were windrowed with a swather 3.7 m in width. Canola seed samples were harvested with a small-plot combine, dried to 10% moisture content, cleaned and weighed to determine seed yield. A 1000-seed subsample was weighed to determine seed weight. Infrared spectroscopy was used to measure the oil content of each seed sample (Robertson and Morrison 1974) . 
Statistical Analysis
Data from the fallow and stubble sites separately were analyzed with the PROC MIXED procedure of the SAS Institute Inc. (Littel et al. 1996) , with blocks considered as a random effect, and site and seeding date as fixed effects. The SLICE option of PROC MIXED was used to investigate the effect of seeding date for each year when significant year by seeding date interactions were detected. A second analysis was conducted with sites and blocks as a random effect, and seeding date as a fixed effect, to obtain more general (inference beyond the sites included in the study) conclusions regarding the average influence of canola seeding dates. Treatment effects were declared significant at α = 0.05.
RESULTS AND DISCUSSION
Emergence and Seedling Density
Canola emergence occurred as early as 21 April for fallseeded canola and as early as 30 April for April seeded canola ( Fig. 1 ). On average, fall-seeded canola emerged 30 d earlier (range of 19 to 36 d) and April-seeded canola emerged 18 d earlier (range of 7 to 26 d) than canola seeded in mid-May. Generally, canola seedling density was greater on the April and the mid-May seeding dates in the fallow experiment (Table 2 ). Surface crusting occurred on the fallow sites in 1996, contributing to sparser seedling stands for the fall seeded treatment. Canola plant density on fallow in 1997 was reduced for the fall seeding date compared with spring seeding dates because of high spring winds that "sand blasted" (soil erosion damage) canola seedlings. The magnitude of the seeding date effect on canola seedling stands was smaller for the stubble compared with the fallow experiment. The presence of crop residue reduced spring surface crusting and protected seedlings from wind damage, allowing for more uniform and complete emergence of canola seeded at all dates.
Fall-seeded canola in 1994 survived eight consecutive nights of frost, with temperatures dropping as low as -8°C. Researchers in North Dakota also observed that canola seedlings were able to tolerate temperatures of -6°C without significant reductions in plant stand (Johnson et al. 1995) . However, frost caused significant damage to fall-seeded canola at another location, not included in this portion of the overall study, in 1998 (unpublished data). Others also have shown that canola seeded prior to 8 May suffered significant frost damage (Gross 1963) . Furthermore, late winter and early spring temperature fluctuations were detrimental to the survival of volunteer canola seedlings (Sparrow et al. 1990 ). The ability of canola to tolerate freezing temperatures may Fig. 1 . Calendar of events for the average across fallow and stubble experiments at Scott, SK, from 1994 to 1998. The upper and lower limits of the bars respectively represent the maximum and minimum values for a variable at the individual sites. Maturity represents the day that canola was swathed and seed harvest represents the day that canola was harvested. Vegetative represents the number of days from emergence to 50% flower and reproductive represents the number of days from 50% flower to maturity. be a function of growth stage. Gusta and O'Connor (1987) reported that canola leaves acclimated better to temperatures between -7°C to -10°C than cotyledons. Their results indicated that canola must have at least its first true leaf stage to properly acclimate to freezing temperatures. The ability of stubble to dampen daytime heating fluctuations at the soil surface that could cause premature germination, in addition to reduced soil crusting and wind damage, explains why fall-and April-seeded canola consistently had better seedling stands on stubble than on fallow.
Mid-season Plant Development
Fall-seeded canola reached 50% flower 26 d earlier (range of 8 -35 d) than canola seeded in mid-May, on average (Fig. 1) . April-seeded canola emergence and 50% flower occurred about 2 wk later than for fall-seeded canola. The length of the vegetative growth period (emergence to 50% flower) did not differ among seeding dates when averaged across the fallow and stubble sites. In other studies, the number of days from planting to first flower appearance was greater with canola planted in mid-to late April and the first 2 wk of May rather than the last 2 wk of May (Gross 1963; Degenhardt and Kondra 1981; Johnson et al. 1995) . However, seeding date had minimal effects on the duration of flowering and reproductive periods (Degenhardt and Kondra 1981; Johnson et al. 1995) . Therefore, alternative seeding dates advanced canola development throughout the growing season, with fall seeding particularly hastening flowering and prolonging the reproductive period.
Canola height was greatest with the mid-May seeding date in all years on stubble and in 1998 on fallow (Table 3) . Shorter plant height for fall and April seeding dates would reduce the potential for lodging, a common problem with canola. A more upright plant canopy would reduce the risk of losses from diseases such as sclerotinia in sub-humid regions (Sclerotinia sclerotiorum Lib.) (R. Kutcher and K. Turkington, personal communication) and make harvest operations easier.
Yield and Quality
Fallow-seeded canola seed yields for the fall and April seeding dates were approximately 300 kg ha -1 greater than the mid-May seeding date, on average (Fig. 2) . On a year-byyear basis, seeding date had inconsistent effects on fallowseeded canola yield in 4 of 5 yr and no effect in the remaining year. Stubble-seeded canola seed yield was 51 -126% higher for the fall and April seeding dates compared with the mid-May seeding date in all years with one exception. In 1997, canola seeded into stubble yielded similarly when seeded in April or mid-May. Oil content of canola seed was 5 -20% greater for the fall and/or April seeding dates compared with the mid-May seeding date in five of the 16 possible fallow/stubble by year combinations (Table 4) . Seeding date otherwise had no effect on oil content, with the exception of reduced oil content for canola seeded into stubble in April rather than mid-May in 1997. The effect of seeding date on seed weight generally was similar to that for seed yield across all study sites (Table 5 ). Canola seeded in the fall and April rather than mid-May had greater seed yield, seed weight and oil content with site as a random effect in the analysis (Fig. 2 and Tables 4 and 5). Others also have found that higher seed yield and oil content occurred when canola was seeded in early May rather than toward the middle or end of May (Kondra 1977; Degenhardt and Kondra 1981; Johnson et al. 1995) . Canola yield and quality can be improved by seeding canola in late fall or early spring seeding dates rather than closer to the more traditional mid-May seeding date, especially when seeded into stubble.
The influence of alternative seeding dates on canola yield and quality often occurred through factors other than plant density. Lower seedling density corresponded with less seed yield with the fall and mid-May seeding dates compared with the April seeding date at the fallow sites in 1996 and 1997, and at the stubble site in 1996. With the exception of the fallow site in 1996, the seeding date effect on canola stand density was much greater than that for seed yield. At the other sites, the effect of canola seeding date on seed yield often did not correspond with effects on plant density. Therefore, the influence of seeding date on canola seedling density was not a primary factor determining yield responses. Past research showed that lower canola seeding rates had minimal effects on seed yield (Kondra 1975; Degenhardt and Kondra 1981; ) . Apparently, canola yield components can compensate for thinner plant stands, especially when more of the growing season is made available for the additional growth. The compensatory nature of canola explains why the occasional occurrence of additional seedling mortality with fall seeding was not detrimental to yield.
Most of the advantage with alternative canola seeding dates likely was associated with the avoidance of extreme growing conditions. Planting canola just prior to soil freezing in late October or just after fields are passable in mid-to late April allowed canola to flower in early to mid-June rather than early to mid-July. Mean daily air temperatures almost always were about 2°C cooler in all of June compared with the first 2 wk of July (Table 6) . Maximum daily air temperatures in the first 2 wk of June were as much as 5°C cooler than in the time period spanning from mid-June to mid-July. Cumulative precipitation was 39% greater in the last 2 wk of June than in the first 2 wk of June or July. Lower daily mean and maximum temperatures in June, and moister conditions in the later part of June, would allow canola seeded in the fall or April to flower during cooler and wetter growing conditions, the conditions best suited to canola production. Ideal growing conditions for canola flowering and seed development would explain why seed yield, and to a lesser extent oil content, were greater for the alternative seeding dates. Higher than normal air temperatures in the first 2 wk of June in 1997 corresponded with seed weight and oil content for the fall or April seeding dates that were similar or reduced to those for the mid-May seeding date, thus reiterating the importance of extreme temperatures as a yield-controlling factor. Another study found that the seed yield of canola sown in mid-May was negatively correlated with mean maximum daily temperature in July and August (Nutall et al. 1992) . Researchers in North Dakota also commented on avoidance of hot, dry climatic conditions during reproductive growth of canola as an advantage for earlier spring seeding dates (Johnson et al. 1995) . Furthermore, canola leaf area underwent greater and more rapid reductions when irrigation was eliminated during periods of seed filling or reproductive growth rather than vegetative growth (Nielsen 1997) . Seeding canola in late fall or April can be viewed as a management practice that shifts canola development to take advantage of cooler and moister climatic conditions on the Canadian prairies.
Hastened plant development for fall-and April-seeded canola also may have had some indirect benefits in addition to extreme weather avoidance. Canola seeded in mid-May was in the early stages of flowering during the last 2 wk of June. The warm, humid conditions that characterized this growth period (Table 6 ) would be ideal for the development of sclerotinia infections (Turkington et al. 1991) , and consequently could contribute to lower yields with the mid-May seeding date (R. Kutcher and K. Turkington, personal communication). Therefore, alternative seeding dates also could be an integrated management option to minimize canola disease losses, especially in sub-humid regions.
The yield advantage of seeding canola in the fall, as first reported by Austenson and Kirkland (1975) two decades ago, can now be realized consistently on a field scale basis. Late fall seeding into standing stubble shows considerable potential to improve the yield and quality of canola, especially in semi-arid regions, by encouraging early reproductive growth when air temperatures are cooler. Previously reported problems with the control of winter annual weeds are no longer an issue with the herbicide-tolerant canola cultivars available to producers. Also, the availability of equipment that can effectively seed directly into standing stubble will decrease the risk of fall germination compared with fall-seeded canola sown on fallow. Furthermore, our results indicate that early spring seeding dates offer similar benefits when the fall seeding date is not a viable option. Alternative seeding dates also would spread out seeding operations for producers with larger acreages.
Topographic variation and associated changes in environmental conditions across a field may determine the successful establishment of canola seeded in the fall or in April. An understanding of this variation may provide insight into the successes and failures that producers observe with alterna- tive seeding dates at the field scale. Development of dormancy enhancers and/or seed protectants would prevent imbibition of water during the late fall, with their effects completely disappearing when the soil thaws in the spring. Therefore, the successful development of enhancers/protectant products could reduce the risks associated with erratic temperature fluctuations and permit seeding 10 -15 d earlier in October, a more practical window to carry out seeding operation. Further research into the most appropriate seeding depth, seeding rates, seeding methods, nutrient placement and the importance of fungicide seed treatments and factors affecting acclimation (e.g., seedling vigour), also may improve the viability of fall and early spring seeding dates.
